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^ OF THF TNVF-KnOH 

process producing a — ed Sln, 

fon^g novo,* rc.n having consisun. r. ^!;,M,J«^(«> ^^'^ 

I^Bgh-s^sMve con-posMon.. The present invenuon also re, 

p^ss for n^Hng . ^peHor -ig^— -n-pos- .se«., - 

L coating substrares with .hese -,igh.-sensi„ve composmons, as we,, as .h 
;Lss of coarin. imaging and deveioping these ,ight-sens„ive „.«ures on such 

"toresis. co.posi.ons are used ,n .crohthograph, processes for 
™,.„gn.nia.uHzede,ectro„ic con-ponents, such^^the fabrication of con,p.e^ 
.Hips L inte^ted circuiu. Genera,,, in these processes, a .H„ c„a.,ng of a f„„ 
: photoresi!. composition is «rst app.ied to a substrate .ateHa, such . *on 
wafls used for n«^g integrated circuits. The coated substrate .s then ba.ed to 
eiorate an, soivent in the photore.s, corapo^tion and to the coa,.^ on 

image-wise exposure to radiation. 

This radiation exposure causes a chenOca, transfomtatton ,n the expose 
areas of the coated surface V,sib,e light, ultraviolet (UV) Bght, electron beam and 
^^radiantenerg, are radiationt.es conuno^yusedtodayinrrucroiithosrap.^^ 

p Jsses. After this in,age-wise exposure, the coated sub^rate ,s .r.,e « 
Loper so,utio„ to dissoive and retnove either the radtauon-exposed or 
unexposed areas of the coated surface of the substrate. 

NovoUk resins are frequent,, used as a po,yn.enc brnder .n l„u,d 
photoresist formuiaUons. These resins are typical,, produced by conducung a 
Ldensation reaction between formaidehyde and one or „ore n,u,ti substttute 
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maleic anhydride. In producing sophisticated semiconduaor devices, it has 
become increasingly important to provide a film forming novolak resin of superior 
quality in terms of dissolution rate, better binding properties with a 
diazonaphthoquinone, and heat resistance. 

There are two types of photoresist compositions, negative-working and 
positive-working. When negative-working photoresist compositions are exposed 
image-wise to radiation, the areas of the resist composition exposed to the 
radiation become less soluble to a developer solution (e.g. a cross-linking reaction 
occurs) while the unexposed areas of the photoresist coating remain relatively 
soluble to such a solution. Treatment of an exposed negative-working resist with a 
developer causes removal of the non-exposed areas of the photoresist coating and 
" the -creation of a negative image in the coating, thereby uncovering a desired 
portion of the underljdng substrate surface on which the photoresist composition 
was deposited. 

: On the other hand, when positive-working photoresist compositions are 
^exposed image-wise to radiation, those areas of the photoresist composition 
exposed to the radiation become more soluble to the developer solution (e.g. a 
rearrangement reaction occurs) while those areas not exposed remain relatively 
insoluble to the developer solution. Thus, treatment of an exposed positive- 
working photoresist with the developer causes removal of the exposed areas of the 
coating and the creation of a positive image in the photoresist coating. Again, a 
desired portion of the underlying substrate surface is uncovered- 
After this development operation, the now partially unprotected substrate 
may be treated with a substrate-etchant solution or plasma gases and the like. The 
etchant solution or plasma gases etch that portion of the substrate where the 
photoresist coating was removed during development. The areas of the substrate 
where the photoresist coating still remains are protected and, thus, an etched 
pattern is created in the substrate material which corresponds to the photomask 
used for the image-wise exposure of the radiation. Later, the remaining areas of 
the photoresist coating may be removed during a stripping operation, leaving a 
clean etched substrate surface. In some instances, it is desirable to heat treat the 
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M pho,or«U, Uyer. after *= develop.™ step before the «c«„g s.=p 
" US adhesion .o .he „„deH,„S — ^ Us resis»,ce .o «o.n, 

".Uv. working pho,o.sls. con,posiUon. are currently ftvored over 
^.Uve wor^ng resists because the former generally have h«.er — 
"ahilities a..d pattet, transfer characteristics. Photoresist resoluuon ,s e n^ 
Z sntailest feature »hich the resist composition can trartsfer ..on. the pho.o.^. 
suhs.ra.e with a «gh degree of inuge edge acuity after .posure and 

lelopment. In n«y —'i". »PP«-'- 7 
r f less U.an one micron are necessary. In addiUon. it is almost always 
. I^,et^..hedeve,opedphotore>istwalipr„«eshe„earvertica.re,at.vet„*^ 

- 1 strate. Such demarcations between developed and undeveloped areas f * 
1 coating translate ln.o accura.e parte™ .»sfer of the mas. .rnage onto the 

substrate. 

,^ ^cr^p^.T10N OF THF PRIOR Al^T 

^;;;;7;;;;;^;:::;::;:rh=en significant progress m novoU. resm 

synthesis. has be. reported that under vigorous syn.he.ic cond,.,ons . e 

Icture of novoU. resin changes, especi.,y when .gh — " ^ ^ 

• Pahman et al "Rearrangement of NovoiaK 

n catalyst and high temperature IS used, Rahman et ai, b . 

l;prJeda.SPmconfere„ce,,9,.Khadimetal"TheNature.dr,egree 

Of SubLtution Pau^r. .n Novoia^s by Carbo„.i3 »--.^P— u 
presetted at SP.B conference, .993. In a typical novoUic reacuo. a rats 
larged with phenoliccomp^nds, an acid cataiys. such as o.licaa.ma.^^^^^ 

,3 p.tolue„e sulphonic a.d or any mmera. acid, and heated .o about 9 to 00 C 

ormaldehydc is slowly added and the mixture is heated a. reftux for ah^u. 
hours A. .he end of .he condensa.ion period, .he reacor ,s converred .o 
aisiiUatiot. and the temperature is r^sed to about 200"C. At this point vacuum ,s 
.owiy draw., the temperature is r.sed to about .20"C, and dte pressure .s 

30 reduced to below about 20 mm Hg. After the volatiles have been d,st,l>ed ft the 

vacuumisr^easedandthcmoUenresincoilectedandallowedtocool. Dunngthe 
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course of the above resin synthesis sequence, samples were taken at various 
temperatures and inspected by GPC (Gel Permeation Chromotography). It was 
found that there was a decrease ofthe^wei ght aver age^molecular weight (all 



molecular weights are weight average unless otherwise specified) of the polymer, 
especially in the temperature range between about 160-190°C ( Rahman et al, "The 
Effect of Lewis Bases on the Molecular Weight of Novolak Resins", presented at 
Ellenville Conference, 1994). The molecular weight decrease (depolymerization) 
was not observed unless the phenolic compounds are extremely pure. If the 
phenolic compounds contains a trace amount of a Lewis Base, such as a nitrogen 
base, the molecular weight decrease during the distillation process was not 
^observed. In U.S. Patent No. 5,476,750 , assigned to the same assignee as the 
subject application and incorporated herein by reference, an improved process is 
disclosed^Jo^ control m olec ular w eight (avoid substantial depolymerization) by 
adjusting the amount of Lewis Base in the phenolic compounds before or after the 

' condensation. It was disclosed that during the purification process of such phenolic 
compounds using an ion exchange resin, distillation, and/or a solvent extraction 

. process, to remove metal ions, a minor amount of base present was also removed. 
Due to the absence of this base, the novolak resin was partially depolymerized 
during the manufacturing process. The physical properties of the depolymerized 
resin changed due to degradation and it was not useful for photoresist 
compositions. This problem can be substantially avoided by adjusting the level of 
Lewis Base before or after the condensation step of the novolak manufacturing 



In copending U.S. patent application Serial No. 366,634, filed on 
December 30,. 1994, assigned to the same assignee as the subject application and 
incorporated herein by reference, an improved process is disclosed for isolating a 
novolak resin at a temperature less than about 140°C by using subsurface forced 
steam distillation to avoid high temperature molecular weight breakdown of the 
resin. (Rahman et al, "Isolation of Novolak Resin at Low Temperature", presented 
at SPBE Conference, 1996). It is known that a film forming novolak resin can be 
made by the condensation reaction of a mixture of phenolic monomers with an 




process. 
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aldehyde soun^e. Such novolak resin synthesis processes are disclosed in U.S. 
Patent No. 5.346.799, incorporated herein by reference. 
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.„f«.,iT,v OF TUB ttJVllNTIOH 

tt has now been found that the novolak resin synthesis process can be 
teher improved by i^JsJingJovoUl^tions from the phenol formalddtyde 
condensaUon product a, room temperature without any high temperature 
distiBation This can be accomplished by synthesizing tf,e resin using a photoresist 
«,lvent such as a monooxymonccarboxyUc acid ester (such as disclosed m U.S. 
Paten. No. 5.215.857. incorporated herein by reference), as the reacon solvent. 
This is followed by the addition of water, preferably DI (deionized) water, thereby 
separating the condensation product (novolak resin) in the reaaion solvent, leavtng 
behind the u„rea«ed phenols and useless monomer and oligomers in the rema,n,ng 
solution, which is removed, such as by suction. Toftenovola k resin soluuon, a 
water soluble orankESlaUSiXSg ^ch as acetone', dimethylforma nudeJDMa. 
'~^;;;^;-;;^6c. tetrahydrofuran (TmjtM2!lj!i22^^ 

aUi:i;^rr5^«^::i'!S?a3^^ 

;j^ef«bly with stirHng,, The low molecular weight resin, oligomers, and! 
mo"nomers dissorve in the water/organic polar solvent /reaction solvent system and 
separate as the top layer. The high molecular weigh, novolak resin dissolves .n the 
reaction solven. and sepantes a, the bottom layer. TTe top layer is removed, such 
as by suction, hence the novolak resin is ftactionated. The process is repeated 
several (2 to 10) times, preferably 3 to 8, more preferably 4 to 7, and most 
preferably 4 to 5 times. Bnally, additional reaction solvent is added and any 
remaining water and organic polar solvent are removed, such as by distillation at 

Mow temperature under vacuum. 

After removing this low molecular weight fraction, one or more other 
photoresist solvents can be added and then the solvent mi«ure treated, such as by 
distillation under vacuum, to remove water, organic polar solvent and some 
portion of the reaction/photoresist solvem to thereby isolate the novolak resm 
ftaaion in a mixture of the reaaion solvem and the additional photoresist solvem. 
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Such mixture of solvents comprises the reaction solvent and the other solvent(s) in 
the ratio of 95:5 to 5:95, preferably 90:10 to 10:90, more preferably 80:20 to 
20:80, even more preferably 30:70 to 70:30, even more preferably 40:60 60:40. 
and most preferably about 50:50. The said other photoresist solvent(s) may 
comprise propylene glycol methyl ether acetate, 3 -methoxy-3 -methyl butanol, 
ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, diethylene 
glycol monoethyl ether, ethylene glycol monoethyl ether acetate, ethylene glycol 
monomethyl acetate, methyl ethyl ketone. The reaction solvent preferably 
comprises a monooxymonocarboxylic acid ester, such as methyl oxyacetate, ethyl 
oxyacetate, butyl oxyacetate, methyl methoxyacetate, ethyl methoxyacetate, butyl 
--methoxyacetate, methyl ethoxyactetate, ethyl ethoxyacetate, ethoxy ethyl 
- "propionate, methyl 3-oxypropionate, ethyh ~3^oxypropionate, methyl 3- 
methoxypropionate, ethyl 3-methoxypropionate, methyl 2-oxypropionate, ethyl 2- 
oxypropionate, ethyl 2-hydroxypropionate (ethyl lactate), ethyl 3- 
hydroxypropionate, propyl 2-oxypropionate, methyl 2-ethoxypropionate, or propyl 
2-methoxy propionate. 

The present invention relates to a process for synthesizing novolak resin in 
a reaction solvent which is a photoresist solvent and performing a fractionation of 
the novolak resin to provide a film forming novolak resin having high lithographic 
performance in light-sensitive compositions. The invention also relates to a process 
for producing such a photoresist composition containing such a novolak resin. The 
invention further relates to a process for producing semiconductor devices using 
such photoresists containing such a novolak resin, photoresist solvent(s), and a 
photo^^nsitizer. \ 
Film forming novolak resins having a consistent molecular weight (no 
substantial depolymerization) and high lithographic performance may be obtained 
by condensing formaldehyde having a very low level of metal ions with one or 
more phenolic compounds, such as m-cresol, p-cresol, 2,4 and 2,5 - 
dimethylphenol, 3,5 -dimethylphenol, and 2,3,5-trimethylphenol, having a very low 
level of metal ions. The condensation reaction is preferably carried out in the 
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/ presence of an acid cauly... such as oxaBc add. maleic acid, n«ieic anhydride, p- 
l toluene sulphonic acid or sulSiric acid. 
V ,„ U,e process of the present invention, to the final fraction more reacon 
solvent is ^ided and the residual water is removed, such as by low ten^perature 
5 vacu» disUllation. to obtain a novolak resin having a very consistent molecular 

weigh, with superior lithographic performance in photoresist compos,.,ons. 

The present invention provides a process tor producing a fdm fomung 
novolak resin which comprises. 

a) condensing (reacting) formaldehyde with one or more phenolic compounds, 
in the presence of an acid catalyst and a reaction solvent, the reacon 
. solvent being a photoresist solvent, preferably a monooxymonocarboxyhc 
■ .cid ester, (the same solvent which comprises the photoresist solvent for 
the photoresist composition in which the novolak resin condensafon 
product is utili^d) and thereby producing a novolak resin polymenc 
15 condensation product; 

b) adding water, preferably Dl water, to the reaction n.«ure and thereby 
fonning two solution layers, a top layer comprising a solution of unreacted 
phenolic compounds, and novolak oligomers and monomer, in water and a 
. bonom layer comprising a solution of the remaimng reacuon m.xture m 
20 reaction solvent, and removing the top layer, such as by decanting or by 

suction; . , 

0 addiD^a water soluble organic polar solvent and water to the rema,mng 
bottom solution layer, in the ratio of water soluble organic polar 
3olvent:water ratio of 5:95 to 95:5, preferably .0:90 .0 90:10, more 
preferably 20:80 to 80:20, even more preferably 30:70 .0 70:30, even more 
preferably 40:60 to 60:40, and most preferably about 50:50, and thereby 
again forming two solution layers, a bottom layer compnsing a solution of 
the novolak resin condensation product in reaction solvent and a top layer 
comprising a solution oflow molecular weight novolak, novolak oligomers 
30 and novolak monomer in a solvent comprising wa.er/water soluble organrc 
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polar solvent/ reaction solvent, and removing the top layer, such as by 
decanting or by suction; 

d) repeating steps b) and c) 2 to 10 times, preferably 3 to 8 times, more 
preferably 4 to 7 times, and most preferably 4 to 5 times; 

e) diluting the remaining novolak resin solution with a solvent comprising the 
reaction solvent and removing any remaining water and water soluble 
organic polar solvent, such as by distilling the resin solution under vacuum 
and low temperature, and thereby producing a film forming, fractionated 
novolak resin. 

The present invention further provides a process for producing a positive 
photoresist composition having superior lithographic performance. The subject 
process comprises: 

a) condensing formaldehyde with one or more phenolic compounds, in the 
presence of an acid catalyst and a reaction solvent, the reaction solvent 
being a photoresist solvent, preferably a monooxymonocarboxylic acid 
ester; 

b) adding water, preferably DI water, to the reaction mixture and thereby 
forming two solution layers, a top layer comprising a solution of unreacted 
phenolic compounds, and novolak oligomers and monomer in water, and a 
bottom layer comprising a solution of the remaining reaction mixture in 
reaction solvent, and removing the top layer, such as by decanting or by 
suction; 

c) adding a water soluble organic polar solvent and water to the remaining 
bottom solution layer, in the ratio of water soluble organic polar 
solventrwater ratio of 5:95 to 95:5, preferably 10:90 to 90:10, more 
preferably 20:80 to 80:20, even more preferably 30:70 to 70:30, even more 
preferably 40:60 to 60:40, and most preferably about 50:50, and thereby 
again forming two solution layers, a bottom layer comprising a solution of 
the novolak resin condensation product in reaction solvent and a top layer 
comprising a solution of low molecular weight novolak, novolak oligomers 
and novolak monomers in a solvent comprising water/water soluble organic 
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e) 
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diluting the remaining novolak resin soiu 

!2 soWen. »d — .ny regaining wa» wa-er soluble 
— .e. *=«by producing a filn, Ton.., ~.ed 

re.! .ep e, and 3) a .>.a«e pho.oresU. soW n. „.ch 
IpHses .he sa^e sc,ve„. a= *e .eaa.on .We„., ^ ^-n^ng 
nhotoresist composition. 

The — fi.«he. provides a n,e.hod for producing a 
....p.od..apho.o-i..o„a— ..^^^^^^^^ 

' e l f an acid ca.aiys. and a reacion soiven. .he reacion so.ven. 

: pho.oresis. so,ve„., and .herehy producing a novoiaU res,n 
polymeric condensation product; 
„ aZ water, prefcrab,, DI water, .0 .he reaaion ™«ure and thereby 
' . X ™o soiution >ayers, a .op iayer co.pHsing a so>u.ion of unreacted 
IJ. compounds in water and a bottom iayer compris,ng a soiu^^n o 
L ren^ining reaction n^xrure ,„ n=ac„on soiven.. and ren.ov,ng .he .op 
laver such as by decanting or by suction; 
, X a water soluble organic polar solvent and water to the regaining 
' r i solution layer in the ratio of water soluble orga..^ 

, of 5 95 to 95-5 preferably 10:90 to 90:10, more 
solvent-water ratio of 5.95 to ^d-j, v 

rreferabiy aO:SO .o S0:20, even more preferabiy 30 70 ,o 70,30. even more 
;referab,!; 40.0 .o 60:40, and mos. preferaWy abo.t S0.0, and .hereby 
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again forming two solution layers, a bottom layer comprising a solution of 
the novolak resin condensation product in reaction solvent and a top layer 
comprising a solution of low molecular weight novolak, novolak oligomers 
and novolak monomer in a solvent mixture comprising water/water soluble 
organic polar solvent/reaction solvent and removing the top layer, such as 
by decanting or by suction; 

d) repeating steps b) and c) 2 to 10 times, preferably 3 to 8 times, more 
preferably 4 to 7 times, and most preferably 4 to 5 times; 

e) diluting the remaining novolak resin solution with a solvent comprising the 
reaction solvent, and removing any remaining water and water soluble 
organic polar solvent, such as by distilling the resin solution under vacuum 
and low temperature, and thereby producing a film forming, fractionated 
novolak resin; 

f) providing an admixture of: 1) a photosensitive component in an amount 
sufficient to photosensitize a photoresist composition; 2) the film forming 
novolak resin from step e); and 3) a suitable photoresist solvent which 
comprises the same solvent as the reaction solvent, and thereby forming a 
photoresist composition; 

g) coating a suitable substrate with the photoresist composition of step f); 

h) heat treating the coated substrate of step g) until substantially all of the 
photoresist solvent is removed; image- wise exposing the photosensitive 
composition and removing the image-wise exposed areas of such 
composition v^th a suitable developer, such as an aqueous alkaline 
developer. Optionally one may also perform a baking of the substrate 
either immediately before or after the removing step. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Novolak resins have been commonly used in the art of photoresist 
manufacture as exemplified by "Chemistry and Application of Phenolic Resins", 
Knop A. And Scheib, W.; Springer Veriag, New York, 1979 in Chapter 4. 
Similarly, o-quinone diazides are well known to the skilled anisan as demonstrated 
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w -Light sensitive Systetns-, Kosar, I.; John WUey «t Sons, New Yo... .965 
Chapter 7 4 However, the instant invention has found that the use of particular 
resins isolated without high temperature distillation, as opposed to those taught tn 
the prior art, produces a photoresist having a sup«ior resolution and depth of 

focus. r- u f 

Optional ingredients tor the photoresist compositions of the present 
invention include colorants, dyes, anti-striation agents, leveling agents, plasuctzers, 
adhesion promoters, speed e,*ance«. solvents ami ^ch surfectants as non-omc 
surfactants, which may be added to the solution of novolak resin. sensiti«r and 
solvent before the photoresist composition is coated onto a substrate. Examples of 
dye additives that may be used together with the photoresist compositions oUhe 
■ present invention include Methyl Violet ffl (Ci. No. 42535), C„.ta. Violet (C,L - 
42555) MalacWte Green (C.I. No. 42000), Vtctoda Blue B (CI. No. 44045) and 
Neutral Red (C.I. No. 50040) at one to ten percent weigh, levels, based on the 
combined weight of novolak and sensiti^r. The dye additives help provtde 
increased resolution by inhibiting back scattering of light offthe substrate. 

Anti-striation agents may be used at up to about a Bve percent weight level, 
based on the combined weight of novolak and sensiti^r. Plasticizers which may be 
- used-include. for eomple. phosphoric acid tri-(beta-chlor„ethyl)-ester; steanc acd; 
dicamphor; polypropylene; aceta, resins; phenoxy tesins; and alkyl resins, at about 
one to ten percent weigh, levels, based on the combined weight of novolak and 
sensitizer The plasticizer additives improve the coating properties of the matertal 
and enable the application of a film that is smooth and of unifo,™ thickness to the 
substrate. 

Adhesion promoters which may be used include, for example, beta-(3,4- 
epoxy-cydohexyD-ethyltrimethoxysilane; p-methyl-disilane-methyl methactylate; 
vinyl trichlorosilane, and gamma-amino-propyl tnethoxysilane. up to about a 4 
percent weight level, based on the combined weight of novolak and sens,u«r. 
Development speed enhancers that may be used include, for example. p,cnc acd. 
mcodnic acid or nitrodnnamic add up to about a 20 percent weigh, level, based on 
tbe combined weight of novolak and sensitizer. These enhancers tend to increase 
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the solubility of the photoresist coating in both the exposed and unexposed areas, 
and thus they are used in applications when speed of development is the overriding 
consideration even though some degree of contrast may be sacrificed; i.e.. while 
the exposed areas of the photoresist coating will be dissolved more quickly by the 
developer, the speed enhances wall also cause a larger loss of photoresist coating 
fi"om the unexposed areas. 

The solvents may be present in the overall composition in an amount of up 
to 95% by weight of the solids in the composition. Solvents, of course are 
substantially removed after coating of the photoresist solution on a substrate and 
subsequent drying. Non-ionic surfactants that may be used include, for example, 
.r-^nonylphenoxy poly(ethyleneoxy) ethanol; octylphenoxy ethanol at up to about 10% 
weight levels, based on the combined weight of-novolak and sensitizer. 

The prepared photoresist solution, can be applied to a substrate by any 
conventional method used in the photoresist art, including dipping, spraying, 
- whirling and spin coating. When spin coating, for example, the resist solution can 
be adjusted with respect to the percentage of solids content, in order to provide 
coating of the desired thickness, given the type of spinning equipment utilized and 
the amount of time allowed for the spinning process. Suitable substrates include 
silicon, aluminum, polymeric resins, silicon dioxide, doped silicon dioxide, silicon 
nitride, tantalum, copper, polysilicon, ceramics, aluminum/copper mixtures; gallium 
arsenide and other such Group UUV compounds. 

The photoresist coatings produced by the described procedure are 
particulariy suitable for application to thermally grown silicon/silicon dioxide- 
coated wafers, such as are utilized in the production of microprocessors and other 
miniaturized integrated circuit components. An aluminum/aluminum oxide wafer 
can also be used. The substrate may also comprise various polymeric resins, 
especially transparent polymers such as polyesters. The substrate may have an 
adhesion promoted layer of a suitable composition, such as one containing hexa- 
alkyl disilazane. 

The photoresist composition solution is then coated onto the substrate, and 
the substrate is treated at a temperature from about 70°C to about 1 lO^C for from 
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abou. 30 seconds .0 about 180 seconds on a ho. plate or for from about 15 to 
.bou, 90 minutes in a convection oven. This tempemure treatment is selected m 
order to reduce the concentration of residual solvents in the photoresist, while not 
causing subsuntial thennal degradation of the photosensitizer. In general, one 
desires to mit^mize .he concentration of solvents and this first temperature 
treannent is conducted until substantially all of the solvenu have evaporated and a 
thin coating of photoresist composition, on the order of one micron in thckness. 
remains on the substrate. In a preferr«l embodiment the temperature is from about 
850C .0 about 950C. The treatment is conducted until the rate of change of 
solvent removal becomes relatively insignificant. The temperature and time 
selection depends on the photoresist properties desired by the user, as well as the 
- equipment used and commercially desired coating times. The coated substrate can 
then be exposed to actinic radiation, e.g. ultraviolet radiation, at a wavelength of 
from about 300 nm to about 450 nm. x-ray. electron beam, ion beam or laser 
radiation, in any desired panem, produced by use of suitable masks, negatwes. 

Stencils, templates, etc. 

The photoresist is then opnonally subjected to a post exposure second 
baking or heat treatment either before or after development. The heatmg 
temperatures may range from about 90OC to about .20OC. more preferably from 
about lOOOC to about nO°C. The heating may be conducted for from about 30 
seconds to about 2 minutes, more preferably from about 60 seconds to about 90 
seconds on a hot plate or about 30 to about 45 minutes by convecuon oven. 

The exposed photoresist-coated substrates are developed to remove the 
bnage-wise exposed areas by immersion in an alkaline developing solution or 
developed by spray developmem process. The solution is preferably agiuted. for 
example, by nitrogen burst agiution. The substrates are allowed to remam m the 
developer until all. or substantially all. of the photoresist coating has d.ssolved 
from the exposed areas. Developers may include aqueous solutions of ammomum 
or alkali metal hydroxides One preferred hydroxide is tetramethyl ammomum 
hydrox.de After removal of the coated wafers from the developing solution, one 
may conduct an optional post-deveiopmem hea, treatment or bake to increase the 
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coating's adhesion and chemical resistance to etching solutions and other 
substances. The post-development heat treatment can comprise the oven baking of 
the coating and substrate below the coating's softening point. In industrial 
applications, particulariy in the manufacture of microcircuitry units on 
5 silicon/silicon dioxide-type substrates, the developed substrates may be treated 

with a buffered, hydrofluoric acid base etching solution. The photoresist 
compositions of the present invention are resistant to acid-base etching solutions 
and provide effective protection for the unexposed photoresist-coating areas of the 
substrate. 

10 

The following specific examples will provide detailed illustrations of the 
methods of producing and utilizing compositions of the present invention. These 
examples are not intended, however, to limit or restrict the scope of the invention 
in any way and should not be construed as providing conditions, parameters or 
15 values which must be utilized exclusively in order to practice the present invention. 

Example 1 

500g of phenolic compounds consisting of 5,0 moles of m-cresol and 3.0 
moles of 3,5-xylenol, 1 mole of 2,3,5-trimethylphenol, and 330g of ethyl lactate 

20 (ethyl 2-hydroxypropionate) 2/3 by weight of the phenols) were transferred to a 

four necked flask equipped with a condenser, a thermometer, and a dropping 
funnel. The reaction was allowed to continue for 6 hours at 95'*C. A sample was 
taken and 175g of deionized water (21% by weight of the batch) was added under 
stirring- Stirring was stopped after 1 0 minutes and reaction mixture was allowed 

25 to settle. Two layers formed. The top aqueous layer was siphoned off and 

discarded. A sample of the bottom resin layer was taken for GPC (fraction A), 
300g of ethyl lactate was then added under stirring and a mixture of 400g 
deionized water and lOOg Methano l were added under stirring. Stirring was 
stopped after 10 minutes and reaction mixture allowed to settle. Two layers 

30 formed and the top aqueous layer was siphoned off and discarded. A sample of the 

bottom resin layer was taken for GPC (fraction B). 165g of et hyl lactate and a 
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400g/100g ndxmre of ddomzed water and MeOH »=re added under srimng and 
allowed .0 sUr for 5 minu.es. S,Wng was stopped and nuxrure allowed .0 seUle 
TWO U,«s fonned and U,e ,op Uyer was siphoned off. A sample of .he bouor. 
resin Uyer was taken for GPC (f^otion C). One half of .he resin in Ethyl Uctate 
^ t^sferred .0 another flasl. To *e ren«ini„g resin, 83g of Ethy, .ac.a.e and a 
.00g/50g n^re of deio^zed warer and MeOH w«e added under s..mng. 
Sdrring was sropped and ™o .ayers forced. The top .ayer was ex.rac.ed. The 
^ ^ ftacaon was labeled as f^aCon D. E.hy, >a«..e was «^-ed .o -sso^ 
^aedons C and D. wWch we. then distilled at low .emperantre (75 C) under 
vacuun, (20 nun Hg) .0 remove excess warer and MeU^nol. E.hyl lactate was 
added again to adjus. rte resin solution 10 32% sohds. 

Tabjel 




15 



P.D. = Polydispersi.y = MWJMW. 
MW.- Weigh. Average Molecular Weigh! 
MW. - Number Average Molecular Weight 



20 



Fxam ple 2 

300 gran» of phenolic compounds consisting of 6.0 moles of m-cresol, 2.0 
„oles of 3,5-xylenol and 2.0 moles of 2,3,5-.rime.hylphenol, .ogether wi.h 200 
grams of e,hyl lac»te were transferred to a four neclted Has. equipped wuh a 
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condenser, a thermometer, and a dropping funnel. 0.9 gram of oxalic acid (0.3% 
by weight of the phenolic compounds) was added and the flask was heated to 
95°C. 140g (molar ratio of phenols/formaldehyde 1/0.66) was added dropwise 
over one and a half hours. The reaction was allowed to continue for 6 hours at 
5 95**C. After condensation a sample was taken (resin 2) and 106g DI water 

(16.6%, by weight, of the batch) were added with stirring. Stirring was stopped 
and solution was allowed to settle. Two layers were formed and the top layer was 
siphoned off (saved as wash A). A sample of the bottom resin layer was taken 
(fraction 1). A 200 g solution (1/1): methanol/water was then added with stirring. 

1 0 Stirring was stopped and the solution allowed to settle. Two layers formed and the 

. top layer was siphoned off (saved as wash B) and a sample of the resin layer 
remaining was taken (fraction 2). A 300g solution (1/1/1): m ethanol/wa ter/ethyl 
laaate was then added with stirring. Stirring was stopped and the solution allowed 
to settle. Two layers formed and the top layer was siphoned off (saved as wash C) 
~- and a sample of resin layer was kept(fraction 3). Another 300g of solvent (1/1/1) 
ethyl lactate/methanol/water was then added with stirring. Stirring was stopped 
and solution was allowed to settle. The top layer was siphoned off (saved as wash 
- D). More ethyl lactate was added, and residual water and methan ol were then 
removed by vacuum at low temperature (20 mm Hg at 75°C). The final resin 

20 solution in ethyl lactate was fraction 4. Analytical data is shown in Table 1 . 



Example 3 

A 50 gram photoresist test sample was prepared by mixing the following: 
4% PAC-I, which was a proprietary photoactive compound prepared from 
25 a BIPC-BIOC-F (4,4'-methylene-bis-[6-[(4-hydroxyphenyl)methyl]-2, 5- 

dimethylphenol] backbone and 2,1,5 diazosulphonyl chloride esterification in the 
range of 60 to 90%, (available from AZ Photoresist Products, Hoechst Celanese 
Corp.); 

2% PAC-I I, which was a proprietary photoactive compound prepared 
30 from a BIPC-BIOC-F backbone and 2,1,5 diazosulphonyl chloride esterification in 
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.he range of 30 to 60%. (aveil*le from AZ Pho.oresi« Product, Hoechs. 

Celanese Corp.); 

16% of the resin from Example 1 fraction C; 

0.008% KP-341 surfactant (available from Shin-Etsu Chem. Co. (2% m 

ethyl lactate); 

66% Ethyl lactate; and 
12%n-Butyl acetate. 

The resist sample was coated onto a hexamethyldisitone (HMDS) pnmed 
silicon wafer to 1.083ftn, (nJcrometers) Bm thickness using a soft bate a. 90"C 
for 90 seconds on an SVG® 8100 ho. plate. The 15 X 2. focus exposure matn. 

prtnted on the coated wafers using a 0.54 NAMKON* i-line stepper a™, a 
NKON* resolution reticle. The exposed wafers were PEB (post exposure baked 
at nO"C for 60 seconds on a in line ho. plate The wafers were then developed 
using AZ® 300 MIF TMAH (.e.rame.hyl anmonium hydrox.de - 2.38/o) 
developer a. 23-C. The developed wafers were exanuned using a mTACffl® S- 
,00 SEM (scanning electron nticroscope). A nor^nal dose (Dose to Pnnt, DTP) 
was measured at the best focus, the dose required to precisely replicate a gtven 
feature. Resolution and depth of focus (DOF) were measured and are shown m 
Table 2 below; e.g. 0.4n lines/space. 

Fxam ple 4 

A 50 gram photoresist test sample was prepared by mixing the following : 

4% P AC-I (a proprietary photoactive compound prepared from a BIPC- 
BIOCF backbone and 2.1.5 diazo.sulphonyl chloride esterification in the range of 
60 to 90% available from AZ Photoresist Products. Hoechst Celanese Corp.); 

2% PAC-I I (a proprietary photoactive compound prepared from BIPC- 
BIOC-F backbone and 2,1.5 diazosulphonyl chloride esterification in the range of 
30 to 60%. available from AZ Photoresists. Hoechst Celanese Corp.); 

16% of the resin from example 1 fraction D; 

0.008% KP-341 surfactant (available from Shin-Etsu Chem. Co.(2% m 
ethyl lactate); 
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66% Ethyl laaate; and 
12%n-Butyl acetate. 

The photoresist resist sample was coated onto a hexamethyldisilazane 
(HMDS) primed silicon wafer to a 1.083Kim (micrometers) film thickness, using a 
soft bake at 90**C for 90 seconds on a SVG® 8100 hot plate. The 15 X 21 focus 
exposure matrix was printed on the coated wafers using a 0.54 NA NKON® i-line 
stepper and a NIKON® resolution reticle. The exposed wafers were. PEB (post 
exposure baked) at 1 10°C for 60 seconds on a in line hot plate. The wafers were 
then developed using AZ® 300 MIF TMAH (tetramethyl ammonium hydroxide - 
2.38%) developer @ 23°C. The developed wafers were examined using a 
HITACHI® S-400 SEM (scanning electron microscope). A nominal dose (Dose 
"to Print, DTP) is measured at the best focus by the SEM and displaed on the 
photomicrograph, the dose required to precisely replicate a given feature. 
Resolution and depth of focus (DOF) were measured (a range of defocus settings 
where the given feature size can be replicated) and are shown in Table 2 below: 
e.g. 0.4|i lines/space. 

Example 5 

A 50 gram photoresist test sample was prepared by mixing the following: 

4% PAC-I (a proprietary photoactive compound prepared fi-om a BIPC- 
BIOC-F backbone and 2,1,5 diazosulphonyl chloride esterification in the range of 
60 to 90%, available fi*om AZ Photoresist Products, Hoechst Celanese Corp.); 

2% PAC-I I (a proprietary photoactive compound prepared from a BIPC- 
BIOC-F backbone and 2,1,5 diazosulphonyl chloride esterification in the range of 
30 to 60%, available from AZ Photoresist Products, Hoechst Celanese Corp.); 

16% resin from Example 2 fraction 4; 

0.008% KP-341 surfactant (available from Shin-Etsu Chem. Co., 2% in 
ethyl lactate); 

66% ethyl lactate; and 
12% n-Butyl acetate. 
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The photoresia resist sample ws coa,ed o«c a hexa:n=.hy.disilaza„e 
(HMDS) primed iUcon wafer .0 l OSSpm (micromere.) thickness using a soft 
^at 90=C for ,0 seconds o. a SVG« S,0O .ot piate. The ,5 X 2. focus 
:osurematri.waspHntedon.hecoated«afersusin.aO.M„.™.^ 

stepper and a NKON® resolution reUcIe. The exposed wafers were PEB (post 
exposure baked) a. UOX tor 60 seconds on a in line hot plate. The wa^s were 
,hen developed using AZ* 300 MIF TMAH (tetramethyl armnoniun, hydrox.de - 
2 38%) devdoper @ a3«C. The developed wafers were ex^ned usmg a 
HITACHI® S-40O SEM (scanning electron microscope). A nominal dose (Dose 
to Print, DTP) is nteasured at the best focus, the dose required to precisely 
replieate a given feamre. Resolution and depth of focus (DOF) were measured and 
are shown in Table 2 below: e.g. 0.4m lines/space. 

lablel 

Example i 




rnmr^^^^^^^ Fxamole 1 
250 grams of phenolic compounds consisting of 5 0 moles of m-cresol and 
3.0 moles of 3,5.xyleno. were transfe^ed to a four necked flask equipped vnU, a 
condenser, a ti,ermome.er, and a dropping R.nne,. 2.5 grams of ox* acd ( /. by 
„.ght of the phenols) was added and the flask was heated to 95"C. .23.0 g of 
.bm^ldehyde (molar ratio of phenols/formaldehyde 1/0.685) were added dropwrse 
over one and a half hours. The reaaion was allowed to continue for 6 hours a 
,5.C The reaction mixture was distUled up to 190"C to remove water and 
solvent and then distilled under vacuum at 21C'C to remove unreacted phenolic 
compounds. The molted r«in was collected in an aluminum tray. A photoresist 
fonnulation was made according to the procedure of Example 3. except tha, the 
novolak resin was used from Comparative Example 1 and studied using the same 
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procedure as Example 3. It was found that the performance of the resist (Table 3) 
was not good as compared to Example 3 and 5. 

Table 3 



Example # 


DTP 


Resolution 


DOF 


Comparative 
Example 1 


160 


Pattern fell over at 0.38 
micron 


(-.6/-0.8) 
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CLAIMS: 



1. 

a) 



b) 



c) 



A method for producing a film forming novolak resin which compnses: 
condensing formaldehyde with one or more phenolic compounds. . the 
presence of an acid catalyst and a reaction solvent, the reaction solvent 
being a photoresist solvent, and thereby producing a novolak resm 
polymeric condensation product. 

Lding wa.-.o .he r=a«ion ™«ure and hereby fonning two soluuon 
wer. a top layer comprising a solution of unreaCed phenolic compounds. 
3„d :»vo.alc oligomers and monomers in wa,er and a bottom layer 
comprising a solution of .he remaimng reaction ™x.ure in reacion solven, 
and removing the top layer; 

adding a warer soK.ble organic polar solven. and «a.er ,0 .he rema,n,ng 
bottom solution layer, in .he ratio of »..er soluble orgamc polar 
«„ven. wa.er .a-io of 5:95 .0 95:5, and .he^by again fonning ^o solu.,on 
Uyers a bo..om layer comprising a solu.ion of ti,e novolak resm 
condensarion produc. in reacion solven. and a .op layer comprising a 
solution of low molecular weigh, novolak, novolak oligomers and novolak 
monomer in a solven. compnsing wa.er/wa.er soluble organic polar 
solvent/reaaion solven., and removing .he .op layer, 
d) repeating s.epsb) and c) 2.0 10 .imes; 

e diluting .he remaning novolak resin solution a soh,en. compns.ng . e 
.eacion solven. and removing any remairung wa«r and wa.er soluble 
organic polar solven, and .hereby producing a f,lm footing, fracuonared 

novolak resin. 

, The me.hod of claim 1 where ,n said acid ca,alys, is oxalic acid, maleic 
acid, maleic anhydride, sulfirric acid or p-.oluene sulphon,c acd. 

3. The me,hod of claim 1 wherein .he water soluble organic polar solvem is 
acaone or a C-Calkyl alcohol. 
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4. The method of claim 1 wherein the reaction solvent is a 
tnonooxymonocarboxylic acid ester. 

5. A method for producing a positive photoresist composition having superior 
lithographic performance comprising: 

a) condensing formaldehyde with one or more phenolic compounds, in the 
presence of an acid catalyst and a reaction solvent, the reaction solvent 
being a photoresist solvent; 

b) adding water to the reaction mixture and thereby forming two solution 
layers, a top layer comprising a solution of unreacted phenolic compounds, 

' and novolak oligomers and monomer in water, and a bottom layer 
comprising a solution of the remaining reaction mixture in reaction solvent, 
and removing the top layer; 
'c)-^ adding a water soluble organic polar solvent and water to the remainin^\^ 
/Ijottom solution layer, in the ratio of water soluble organic polar 
solvent:water ratio of 5:95 to 95:5, and thereby again forming two solution 
layers, a bottom layer comprising a solution of the novolak resin 
condensation product in reaction solvent and a top layer comprising a 
solution of low molecular weight novolak, novolak oligomers and novolak 
monomers in a solvent comprising water/water soluble organic polar 
solvent/ reaction solvent, and removing the top layer; 

d) repeating steps b) and c) 2 to 10 times; 

e) diluting the remaining novolak resin solution with a solvent comprising the 
reaction solvent, and removing any remaining water and water soluble 
organic polar solvent, thereby producing a film forming, fractionated 
novolak resin; and 

f) providing an admixture of 1) a photosensitive component in an amount 
sufficient to photosensitize a photoresist composition; 2) the film forming 
novolak resin fi-om step e); and 3) a suitable photoresist solvent which 
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comprises same solve- as .he .eacrion solved, and .hereby forming a 

photoresist composition. 

6 The method of claim 5 where in said acid catalyst is oxalic acid, maleic 
acid, maleic anhydride, sulforic acid, or p-toluene sulphonic acid. 

7. The method of claim 5 wherein the water soluble organic polar solvent is 
acetone or a C-C, alkyl alcohol. 

8. The method of claim 5 wherein the reaction solvent is a 
monooxymonocarboxylic acid ester. 

9 A method for producing a semiconductor device by producing a photo- 
i^age on a substrate by coating a suitable substrate v^th a positive worlong 
photoresist composition comprising: ^ . 

,) condensing formaldehyde »i* one or more phenolic compounds, m .he 
presence of an acid catalyst and a rea«icn solven, the reaction solvent 
being a photoresist solvent, and thereby producing a novolak resm 
polymeric condensation product; 
b) adding ».ater to the reacUon mixture and .hereby forming two solufon 
layers a top layer comprising a solution of unreacted phenolic compounds 
in ^ier and a bonom layer comprising a solu.ion of the remaining reaction 
mixnire in reaction solvent and removing the top layer; 
d adding a water soluble organic polar solvent and wa« .o fte rema,n.ng 
bortom solution layer in the ratio of water soluble organic polar 
solvent-water ratio of 5:95 ,0 95:5, and thereby again fonning two solution 
layers a bottom layer comprising a solution of the novolak resm 
condensation product in reaaion solvent and a top layer comprising a 
soluuon of low molecular weigh, novolak. novolak oligomers and novoUk 
monomer in a solvent mixture comprising water/water soluble organic polar 
solvent/reaction solvent and removing the top layer; 
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d) repeating steps b) and c) 2 to 10 times; 

e) diluting the remaining novolak resin solution with a solvent comprising the 
reaction solvent, and removing any remaining water and water soluble 
orgamc polar solvent, and thereby producing a film forming, fractionated 
novolak resin; 

f) providing an admixture of: 1) a photosensitive component in an amount 
suflBcient to photosensitize a photoresist composition; 2) the film forming 
novolak resin fi*om step e); and 3) a suitable photoresist solvent which 
comprises the same solvent as the reaction solvent, and thereby forming a 
photoresist composition; 

" - ~ ~ g) coating a suitable substrate with the photoresist composition of step f); 

" " "'h) heat treating the coated substrate of step g) until substantially all of the 
photoresist solvent is removed; image-wise exposing the photosensitive 
composition and removing the image-wise exposed areas of such 
composition with a suitable developer, such as an aqueous alkaline 
developer. 

10. The method of claim 9 wherein the acid catalyst is oxalic acid, maleic acid, 
maleic anhydride, sulfiiric acid, or p-toluene sulphonic acid. 

1 1 . The method of claim 9 wherein the water soluble organic polar solvent is 
acetone or a C1-C3 alkyl alcohol. 

12. The method of claim 9 wherein the reaction soluble solvent is a 
monooxymonocarboxylic acid ester. 
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